OBJECTIVE: A meta-analysis to compare the intraoperative and postoperative outcome data for the proximal femoral nail antirotation (PFNA) and dynamic hip screw (DHS) implant systems for the treatment of patients with trochanteric fractures. METHODS: A detailed search of several electronic databases was undertaken to identify randomized controlled trials published before 5 December 2011 that compared PFNA with DHS in patients with trochanteric fractures. RESULTS: A quantitative metaanalysis of 11 studies including 798 patients was performed. PFNA was associated with significant reductions in duration of surgery (weighted mean difference [WMD] -21.38 min; 95% confidence interval [CI] -33.50, -9.26 min), intraoperative blood loss (WMD -176.36 ml; 95% CI -232.20, -120.52 ml), rate of fixation failure (relative risk [RR] 0.27, 95% CI 0.11, 0.62) and rate of postoperative complications (RR 0.46; 95% CI 0.31, 0.70) compared with DHS. CONCLUSION: The use of PFNA for treatment of trochanteric fractures was found to be superior to DHS in terms of the duration of surgery, intraoperative blood loss, and rates of fixation failure and overall complications.
Introduction
The incidence of trochanteric femoral fractures will continue to rise due to the increasing age of the global population. 1, 2 Hip fracture is a severe injury with several consequences, including excess mortality, increased morbidity and reduced functional independence that decreases quality of life and leads to a considerable economic burden. 3 Normal ambulation after hip fracture is virtually impossible until the fracture has been treated properly. 4 There are two types of internal fixation device available, intramedullary nails and extramedullary implants. The dynamic hip screw (DHS), an extramedullary implant, has been recognized as the standard device for comparison of surgical and clinical a C Zeng and Y-R Wang contributed equally to this work. Treatment of trochanteric fractures: a meta-analysis outcomes in clinical trials. 5, 6 The proximal femoral nail antirotation (PFNA) system is an intramedullary nail implant designed by the Association for Osteosynthesis/ Association for the Study of Internal Fixation (AO/ASIF). The modified screw/blade design of the PFNA and improved sliding properties of the femoral neck components result in fewer secondary perforations of the headneck fragment and a better hold in osteoporotic bone. 7 Many randomized controlled trials have been undertaken to compare the PFNA system with the DHS, 8 -20 but the clinical advantages and disadvantages of these two techniques remain under debate. A previous metaanalysis comparing the PFNA and DHS systems was limited because only one randomized controlled trial was available at that time. 5 The aim of the current metaanalysis was to evaluate the intraoperative and postoperative outcome data of PFNA and DHS that are available from randomized controlled trials.
Materials and methods

SEARCH STRATEGY
Two authors (C.Z. and Y.-R.W.) independently completed a computerized search of the electronic databases PubMed ® /MEDLINE ® , Elsevier (http://www.sciencedirect.com), WanFang (http://g.wanfangdata.com.cn), the Chinese BioMedical Literature (http://www.sinomed.ac.cn/) and the Cochrane Library (http://www.thecochrane library.com/view/0/index.html) using the following search terms: (proximal femoral nail anti-rotation OR PFNA OR proximal femoral nail antirotation) AND (dynamic hip screw OR sliding hip screw OR DHS OR SHS) AND (intertrochanteric fractures OR trochanteric fractures OR pertrochanteric fractures). Searches included articles published in any language from the earliest available records to 5 December 2011. In addition, a manual search was undertaken of reference lists from the original articles and reviews that were identified.
INCLUSION AND EXCLUSION CRITERIA
The inclusion criteria for this meta-analysis were: (i) randomized controlled trials; (ii) inclusion of adults with trochanteric fractures; (iii) comparison of PFNA and DHS; and (iv) at least one of the following outcome measures: duration of surgery, intraoperative blood loss, length of hospital stay, cure time, overall postoperative complication rate or the rate of different postoperative complications, and Harris score (functional evaluation). 21 Exclusion criteria were: (i) case-based reports or reviews; (ii) studies containing a small sample size (approximately 20 patients) or with overlapping data; and (iii) studies with incomplete data or where the data could not be obtained by calculation. (> 80) . Each study was evaluated for methodological quality using the revised Jadad score (range 0 -7), 22 -24 according to the descriptions of randomization, allocation concealment, blinding and reporting of participant withdrawals. Three authors (C.Z., Y.-R.W. and G.-H.L.) independently conducted the study selection and data extraction. Any disagreements were resolved by discussion.
DATA EXTRACTION AND QUALITY ASSESSMENT
STATISTICAL ANALYSES
Data were independently entered into the Review Manager (RevMan) Version 5.1 metaanalysis software program (Cochrane Collaboration, Oxford, UK; http://ims. cochrane.org/revman) by two authors (J.W. and G.-H.L.). Relative risk (RR) was used as the summary statistic for dichotomous outcomes and the weighted mean difference (WMD) was used for continuous outcomes, both with 95% confidence intervals (CI).
Heterogeneity was assessed using the χ 2test and I 2 -test. A χ 2 -value ≤ 0.10 was considered to indicate statistically significant heterogeneity. The I 2 -test was used to estimate total variation across studies. A fixed-effects model was chosen when there was no statistical evidence of heterogeneity; otherwise a random-effects model was used. Sensitivity analysis was used to examine the influence of various exclusion criteria on overall effect sizes. Publication bias was assessed using funnel plots and Begg's rank correlation test. 25 Data were analysed using the Stata ® software package, version 10.0 (StataCorp LP, College Station, TX, USA). For outcome measurements, a P-value ≤ 0.05 was considered statistically significant.
Results
STUDIES INCLUDED IN THE META-ANALYSIS
Details of the study selection process are shown in Fig. 1 . A total of 680 potentially eligible studies were identified by computerized search and hand searching of reference lists. After screening, 13 studies 8 -20 including 958 patients (475 in the PFNA group and 483 in the DHS group) were eligible for inclusion in this meta-analysis. The characteristics of the 13 selected studies are presented in Table 1 . There were no significant between-group differences in baseline characteristics. The Jadad score of the 13 trials ranged between 3 and 7 (mean score 4), with a single trial scoring 7/7 for methodological quality. 9 There were six studies 8 -10,16,18,20 that qualified as level A (Jadad score ≥ 4) and seven studies 11 -15,17,19 as level B (Jadad score < 4). The metaanalysis excluded two studies due to overlapping data. 19, 20 The final metaanalysis, therefore, included 11 studies with a total of 798 patients (397 in the PFNA group and 401 in the DHS group).
INTRAOPERATIVE PARAMETERS
The duration of surgery was reported in eight trials 9,10,12 -17 that were found to be statistically heterogeneous (χ 2 = 460.25, P < 0.00001, I 2 = 98%). A random-effects model indicated a significantly shorter mean duration of surgery in the PFNA group than in the DHS group (WMD -21.38 min, 95% CI -33.50, -9.26, P = 0.0005; Fig. 2 ). Sensitivity analyses indicated that the results of the meta-analysis were reliable.
Pooled data from eight studies showed that mean intraoperative blood loss was significantly less for the PFNA group than the DHS group (WMD -176.36 ml, 95% CI -232.20, -120.52, P < 0.00001; Fig. 3 ). 9,10,12 -17 These trials were statistically heterogeneous (χ 2 = 1091.68, P < 0.00001, I 2 = 99%) and a random-effects model was used. Sensitivity analyses found that the results of the metaanalysis were reliable.
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Duration of hospital stay was evaluated in three trials that were found to be statistically homogeneous (χ 2 = 1.81, P = 0.40, I 2 = 0%). 9, 10, 12 The difference between the PFNA and DHS groups was statistically significant (WMD -0.58 days, 95% CI -1.10, -0.06, P = 0.03; Fig. 4 ), but elimination of Wu et al. 10 resulted in loss of statistical significance (WMD -0.49 days, 95% CI -1.03, 0.05) Overall, there was insufficient evidence to verify any between-group difference in duration of hospital stay.
Data regarding cure time were available from four studies that were found to be heterogeneous (χ 2 = 52.08, P < 0.00001, I 2 = 94%). 12 -15 A random-effects model suggested that PFNA was associated with a significantly reduced mean cure time compared with DHS (WMD -1.35 weeks, 95% CI -2.32, -0.38, P = 0.006; Fig. 5 ). Sensitivity analysis found that elimination of Zhang 14 resulted in loss of statistical significance (WMD -0.49, 95% CI -1.03, 0.05). There was insufficient evidence to verify any between-group difference in cure time.
Harris score was reported in seven studies (statistically heterogeneous; χ 2 = 16.21, P = 0.01, I 2 = 63%). 10,12 -17 A fixed-effects model indicated no significant between-group difference in the rate of good Harris score 
POSTOPERATIVE COMPLICATIONS
Postoperative complication rates were recorded in 10 studies that were found to be homogeneous (χ 2 = 13.84, P = 0.95, I 2 = 0%). 8 -12,14 -18 Meta-analysis showed that PFNA was associated with a significantly reduced overall risk of postoperative complications compared with DHS (RR 0.46, 95% CI 0.31, 0.70, P = 0.0002; Fig. 7) .
The rate of fixation failure was reported in nine studies (statistically homogeneous; χ 2 = 4.71, P = 0.79, I 2 = 0%). 8 -10,12,14 -18 PFNA was associated with a 73% reduction in fixation failure compared with DHS (RR 0.27, 95% CI 0.11, 0.62, P = 0.002; Fig. 7 ). Sensitivity analyses found that the results of the metaanalysis were reliable.
Femoral shaft fracture rate was recorded in four studies (statistically homogeneous; χ 2 = 3.27, P = 0.35, I 2 = 8%). 9, 14, 15, 17 There was no significant between-group difference in the risk of fracture (Fig. 7) . Sensitivity analysis indicated that the results of the meta-analysis were reliable.
The number of postoperative coxa vara was reported in five studies (statistically homogeneous; χ 2 = 0.31, P = 0.99, I 2 = 0%). 12,14 -17 Meta-analysis found that PFNA was associated with a significantly lower risk of coxa vara than DHS (RR 0.22, 95% CI 0.06, 0.85, P = 0.03; Fig. 7 ). Sensitivity analysis excluding Zhang 14 resulted in loss of statistical significance (RR 0.26, 95% CI 0.06, 1.20, P > 0.05) and there was, therefore, insufficient evidence to verify any betweengroup difference in coxa vara rate.
There was no statistically significant between-group difference in the rate of superficial wound infection (three statistically homogeneous studies; χ 2 = 0.40, P = 0.82, I 2 = 0%; Fig 7) . 9, 12, 16 Sensitivity Other postoperative complications were reported in four studies (statistically homogeneous; χ 2 = 0.69, P = 0.87, I 2 = 0%). 9, 11, 12, 16 Complications recorded included lung infections, bedsores, urinary tract infections, cerebral infarction, Cheng et al. 15 Cui 12 Lai et al. 16 Wei 13 Wang 17 Wu et al. 10 Xu et al. 9 FIGURE 3 : Forest plot of the weighted mean difference (WMD) and 95% confidence intervals (Cls) for intraoperative blood loss (ml) in studies that compared the proximal femoral nail antirotation (PFNA) and dynamic hip screw (DHS) systems for the treatment of patients with trochanteric fractures 9,10,12 -17 Cheng et al. 15 Cui 12 Lai et al. 16 Wei 13 Wang 17 Wu et al. 10 Xu et al. 9 FIGURE 4 : Forest plot of the weighted mean difference (WMD) and 95% confidence intervals (Cls) for the duration of hospital stay (days) in studies that compared the proximal femoral nail antirotation (PFNA) and dynamic hip screw (DHS) systems for the treatment of patients with trochanteric fractures 9,10,12 Cui 12 Wu et al. 10 Xu et al. 9 1. 
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gastrointestinal haemorrhagic stress ulcer, lower extremity deep vein thrombosis and heart failure. There was no significant between-group difference in the rate of other postoperative complications (Fig. 7) , and sensitivity analysis showed that these results were stable.
PUBLICATION BIAS
Funnel plots ( Fig. 8 ) and Begg's rank correlation analysis revealed no evidence of publication bias.
Discussion
To our knowledge, this is the first quantitative meta-analysis of studies comparing PFNA and DHS for the treatment of trochanteric fractures. This meta-analysis included 11 randomized controlled trials with 798 participants. 8 -18 These studies were high quality (Jadad score ≥ 3) and had almost identical inclusion and exclusion criteria. Visual inspection of funnel plots and the Begg's rank correlation test found no evidence of publication bias among the studies included in this meta-analysis.
The DHS works by guiding the controlled collapse of the proximal fragment against the lateral femoral wall of the trochanter, causing compression across the fracture site and allowing healing. The compromised integrity of the lateral wall in pertrochanteric simple fractures results in wall collapse when the proximal fragment slides downwards. Sliding > 15 mm is closely associated with failure, 26 postoperative FIGURE 5: Forest plot of the weighted mean difference (WMD) and 95% confidence intervals (Cls) for the cure time (weeks) in studies that compared the proximal femoral nail antirotation (PFNA) and dynamic hip screw (DHS) systems for the treatment of patients with trochanteric fractures 12 -15 
Total (95% CI)
Heterogeneity: τ 2 = 0.80; χ 2 = 52.08, df = 3 (P < 0.00001); I 2 = 94% Test for overall effect; Z = 2.74 (P = 0.006) 121 129 100.0% -1.35 [-2.32, -0 15 Cui 12 Wei 13 Zhang 14 FIGURE 6: Forest plot of the relative risk (RR) and 95% confidence intervals (Cls) for the Harris score in studies that compared the proximal femoral nail antirotation (PFNA) and dynamic hip screw (DHS) systems for the treatment of patients with trochanteric fractures 10,12 -17 Cheng et al. 15 Cui 12 Lai et al. 16 Wei 13 Wang 17 Wu et al. 10 27 after DHS fixation. The PFNA system was developed to improve rotational and angular stability with a single element. 28 The inserted PFNA blade achieves an excellent fit via bone compaction and requires less bone FIGURE 7: Forest plots of the relative risk (RR) and 95% confidence intervals (Cls) for the rate of postoperative complications in studies that compared the proximal femoral nail antirotation (PFNA) and dynamic hip screw (DHS) systems for the treatment of patients with trochanteric fractures 8 -12,14 -18 Fixation failure: Cheng et al. 15 Cui 12 Garg et al. 18 Lai et al. 16 Stern et al. 8 Wang 17 Wu et al. 10 Xu et al. 9 15 Wang 17 Xu et al. 9 Zhang 14
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C Zeng, Y-R Wang, J Wei et al. Treatment of trochanteric fractures: a meta-analysis removal than a screw. Biomechanical tests have also demonstrated a significantly higher cut-out resistance in osteoporotic bone compared with commonly used screw systems. 28 Delayed ambulation is related to the development of postoperative pneumonia and delirium, as well as increased length of hospital stay 29, 30 and cure time. Closed fracture reduction preserves the haematoma, an essential element in fracture healing. 31 PFNA allows the surgeon to minimize soft tissue dissection, thereby reducing surgical trauma, blood loss, infection and wound complications. 9 In this meta-analysis, use of the PFNA system was associated with significant reductions in duration of surgery, overall complication rate, postoperative fixation failure rate and intraoperative blood loss compared with the DHS. This may be due to the processed rounded shape of the PFNA blade tail, which could result in reduced skin and fascia stimulation. In addition, PFNA insertion is a simpler and less invasive surgical procedure than DHS insertion.
A major strength of this meta-analysis was the inclusion of randomized controlled trials only, eliminating the possibility of selection bias and maintaining a consistent baseline between the groups. In addition, sensitivity analyses indicated that many of the between-group differences were reliable and stable. The cumulative evidence and enlarged sample size associated with the meta-analysis enhanced the statistical power to provide more precise and reliable outcomes.
This meta-analysis has several potential limitations. First, a lack of adequate data prevented a comprehensive subgroup analysis from being undertaken, limiting the validity to a certain extent. It was initially intended to classify fractures according to the Association for Osteosynthesis/Orthopaedic Trauma Association classification system, but a large proportion of the studies included in this meta-analysis had not used this system. Secondly, substantial heterogeneity was observed when comparing PFNA with DHS in terms of the duration of surgery, intraoperative blood loss, cure time and Harris score. Finally, although little evidence of publication bias was observed, the statistical power of the tests used was limited due to the relatively small number of included studies.
In conclusion, PFNA is associated with reductions in the duration of surgery, intraoperative blood loss, rate of fixation failure and overall rate of postoperative complications. Future randomized controlled studies should report outcomes based on fracture type or restrict their investigation to patients with one specific type of trochanteric fracture in order to determine whether outcome is influenced by type of fracture. Further studies are required in order to improve understanding of the comparative efficacy and safety of PFNA and DHS in patients with trochanteric fractures.
